910

The probability density of ¥ may be written by inspec-

7y - 1 e
= e )

tion as

The error rate is given by

20 = [ “pmav S emar

= f Ly [(ar + DYM(Mr - ar + 1)-t]av
0 -

exp (—V/M)

I

Il

[(ar + OYM(Mr + ar + iy
[(a/M + 1)=2(a/ M 4 2)-1]

or, in terms of the original notation

PROCEEDINGS OF THE IRE

Loss Causep BY COMPLETELY CORRELATED NOISE

P(e) ~ MH(SOT /), SoeT> Mms. |

The decibel loss at low error rate caused by the g
being completely correlated is given in Table II T
loss in decibels at a fixed error rate, when only a
of the noise arises from a common source, will be s

Ji

B UT whe
diustment we

TABLE I1

M'2’3’4,5 6 | 8 |1

p(0) = (SoT/Mno + 1)=9(S,T/ Mg + 2)-1 (23)

which at low probability of error (large signal to noise

ratio) is approximately

Correspondence

db loss ' 0.62 ] 1.44 } 2.16 j 2.79 | 3.34 ‘ 4.7 |54

what less than the tabulated values. In this connecti:
it may be pointed out that switch diversity is not suljg
to perturbing effects due to correlated noise sinceof
one receiver is operative at any instant. :
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The President Smiles*

We, the IRE members of Texas, found
the January, 1958 PrOCEEDINGS to be of
poor taste and offensive in one respect. This
is, the picture of our respected President for
1958 on page 2.

We have taken steps to correct this error.
Enclosed is a picture of Mr. Fink which will
meet with the approval of all Texans. No
man can be appreciated in Texas unless he
wears a “ten-gallon” hat or owns a few hun-

dred oil wells.

* Received by the IRE, January 22, 1958,

In thie picture, Floyd Crum, (left), Chair-
man of the Beaumont-Port Arthur Section,
has just presented Mr. Fink with a %ten.
gallon Texas hat,” thus protecting the dig-
nity due Mr. Fink by all Texans.

The smiling face of Mr. Fink, in contrast
with the glum and despondent picture that
was presented in the January issue of Pro-
CEEDINGS, attests to the service which the
Beaumont-Port Arthur Section has rendered
the IRE.

Wes EckLEs
Fellowship Chairman
Beaumont-Port Arthur Section

WWYV. Standard Frequency
Transmissions*

Since October 9, 1957, the N
Bureau of Standards radio stations J
and WWVH have been maintained s nf.
stant as possible with respect to atomi
quency standards maintained and ‘opigs
by the Boulder Laboratories, Nationg 3
reau of Standards. On October 9, 19578
USA Frequency Standard was 1.4 pa;lﬁ"
10° high with respect to the frequen
derived from the UT 2 second (Prow}‘T
value) as determined by the U, S Mg
Observatory. The atomic frequency gl
ards remain constant and are known foh
constant to 1 part in 109 or better, 3

broadcast frequency can be further

i

ted at the
a series ¢

rected with respect to the USA Frequ
Standard as indicated in the table o
This correction is not with respect to the
rent value of frequency based on UT?
minus sign indicates that the broadcaﬁf“f‘k
quency was low. il

The WWV and WWVH time signalid
synchronized; however, they may grafud
depart from UT 2 (mean solar time coreg
for polar variation and annual fuctuaiing
the rotation of the earth). Correctiosi
determined and published by the U:S.Noi
Observatory.

5

* Received by the IRE, March 13, 1958, #*Received by tl




LWWY and WWVH time signals are
aintained in close agreement with UT 2 by
king step adjustments in time of precisely
i or minus 20- msec on Wednesdays at
00 UT when fiecessary; one minus step
justment was made at WWV and WWVH
December 11, 1957, January 15, 1958,
d February 5 and 19, 1958.

wwv Frequencyt
Parts in 109 -
Dec,, 1957 Jan,, 1958 Feb., 1958
© 1500 UT 1500°'UT 1500 UT

—4.8 —3.4 —2.6
—4.9 —3.3 -~2.5
—4.9 —3.2 —2.5
—=5.0 —3.1 —2.5
-5.0 ~3.0 —-2.5
5.0 —2.9 —2.4
—4.9 —2.9 —2.3
—4.9 —2.8 —2.3
—4.9 ~2.8 —2.2
—4.8 ~2.8 —~2.2
-4.7 —-2.7 —2.2

.6 —2.6 —2.2%
~4.4 —2.6 —2.1
—4.3 ~2.6 =2.1
—4.2 —2.6 —2.1
—4.1 —2.7 ~2.1
~—4.1 —2.7 -2.1
—4.0 —2.7 —2.1
—4.0 —2.7 —2.2%
—3.9 —~2.7 —2.2
~3.8 —2.8 —~2.3
~3.8 —~2.8 —-2.3
~3.8 ~2.9 -~2.3
~3.7 -2.9 —2.3

W7 -2.9 —2.4

7 —2.9 —2.43

7 —2.9 —2.5

.7 —2.9 —2.5
~3.6 -=2.8
-3.6 -2.8
—3.6 —2.7

W\N;‘V“NWVH frequency is synchronized with that of
Z]jécrease in frequency of 0.5 X107 at 1900 uT
AWWY.

W. D. Grorgr

Radio Standards Lab.
Natl. Bur. of Standards
Boulder, Colo.

ANew Type of Low-Noise Electron
Gun for Microwave Tubes*

During an investigation of noise reduc-
tion in backward-wave amplifiers which was
onducted at the Hughes Research Labora-
ories, a series of experiments was under-
ken to study the effects on beam noisiness
fadical changes in the de potential dis-
ibution in the immediate vicinity of the
thode. In particular, the diode region of
m electron gun was designed ‘to allow ma-
ation of electron emission and flow at
ceedingly low potentials and- thus to per-
it examination of the underlying assump-
ns and validity ‘of existing one-dimen-
fal nofse theories. :

These experiments, performed in 1956
and-early 1957, resulted in a cascade back-
arl-wave amplifier with g noise figure
lower than 4 db at § band, as described at
Fifteenth Annua] Electron Tube Re-

#Received by the IRE, February 17, 1958,
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search Conference.! Since that time the re-
sults have been reproduced on a number of
tubes; tube noise figures in the vicinity of
3.5 db have been measured in several in-
stances. Here the purpose is to formally an-
nounce these results and to briefly comment
on the type of low-noise electron gun which
has evolved from this work,

The basic features of the gun are 1)
emission which originates predominantly
from the edge and side of the cathode, and
2} a potential profile for these edge electrons
which, in the cathode region, departs dras-
tically from the usual (approximately Fry-
Langmuir) potential distribution, We are led
to the concept of linear edge current (as meas-
ured in terms of current per unit length
of available cathode edge) as being a key
design parameter for these low-noise guns, as
distinguished from uniform current density
which; on the basis of one-dimensional noise
theories, is regarded as 2 controlling factor in
the performance of conventional low-noise
guns.

It is evident that the basic nojse quanti-
ties in the beam (velocity and current fluctu-
ations and their correlation) were being ma-
nipul‘ated in the very low potential region
of the gun near the cathode. Indeed, the
unusual potential profile permits a possible
drifting action at very low mean velocities
or, more probably, a gradual acceleration of
the beam through an extended region where
the thermal velocity - spread is large. It
should be noted that Saito? has recently
measured some correlation in typical beams
and Siegman, Watkins, and Hsieh?® have
shown that such a correlation can develop on
a one-dimensional beam as it is accelerated
along the F ry-Langmuir potential profile
from the potential minimum to a potential of
several tenths of a volt. Thys one might
expect to find an enhancement of this cor-
relation and consequently a further reduc.
tion in the theoretically predicted minimum
noise figure as a result of the unique poten-
tial profile characteristic of this gun.

Another possible explanation lies in a re-
duction of initial kinetic noise voltage by
virtue of the edge emission mechanism, as
proposed at the Tube Research Conference.!
The particular combination of geometry and
electric fields which produces the edge emis-
sion also gives rise to the distorted potential
configuration, and vice vetsa, Therefore it
has not yet been possible to experimentaily
determine which of these features is really
the essential one.

Current research is being devoted to the
frequency-scaling characteristics  of the

noise reduction mechanism. It is planned to
describé in detail the operation of the gun
and its relation to existing noise theories in 4
future paper. .
: Marcory R. Currig
Hughes Aircraft Co,
Culver City, Calif.

! M. R. Currie and D. C. Forster, “New resylts on
noise in_electron beams,” presented at the Fifteenth
Annual Electron Ty be Research Conference, Berkeley,
Calif.; June, 1957,

: - Saito, “Determination of the Correlation Ra.
tion /S of the Noise in an Electron Beam, ” M.LT.,
Res. Lab, of Electronics, Cambridge, Mass., Quarterly
Progress Rept.; pp. 29, 30; October 15, 19577
® A, E. Siegman, D, A, Watkins,}and H. Hsieh,
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S-Band Traveling-Wave Tube with
Noise Figure Below 4 DR*

In the preceding letter Currie reports
noise figures below 4 db obtained at .S band
with a backward-wave amplifier. His tube
uses an annular cathode with a resulting
hollow electron beam. Experiments have
been undertaken at Bel] Telephone Labora-
tories to see whether comparable noise per-
formance could be obtained in a conven-
tional, low-noise traveling-wave tube em-
ploying the usual type of cathode, i.e., one
having a plane circylar emitting surface. The
electrode configuration and voltage profile,
however, were similar to. those used by
Currie: The main observation to be reported
is the achievement of nojse figures as low as
3.5 db. ‘

The test vehicle employed was an S-band
amplifier in which reproducible noise figures
of 4.8-5.0 db had been observed previously.
Initial experiments were confined to changes
in the gun configuration. They gave no over-
all improvement in noise figure but indi-
cated best performance at lower currents. In
order to provide more gain at the lower cur-
rent, the helix pitch was decreased to give a
ve of 1.7. This change, together with the
more important changes in the cathode re-
gion, yielded tubes in which the 3.5-db
noise figure was observed., The changes in
the cathode region included operation of the
beam forming electrode at a positive poten-
tial giving rise to enhanced electron emis-
sion from the cathode edge and thereby to a
somewhat hollow bean.! The voltage con-
figuration of the other electrodes was sim-
ilar to that used by Currie in that jt pro-
duced a low velocity drift region near the
cathode,

Operating parameters of the original and
modified versions of the tube are given in
Table 1.

TABLE I

Origi |
riginal Modified
Parameter Version of odilie

S-Band Tupe| Version
—_—
I (microamps) 500 60
Vhelix (volts) 560 200
ra 1.05 1.7
Cathode diameter (inches) 0.025 0.025
Helix TP] 0 60
Helix ID (inches) 0.051 = 0,051
Gain (db) 22 20
Fops (db) ‘at 600 2auss 4.8 4.3
Fopt (db) at 1600 gauss 4.8 3.5

It should be noted that the lowest value
of noise figure was obtained with a magnetic
field strength considerably higher than that
required for focusing alone. This effect has
also been observed by Currie. To date one
tube with a 3.5-db noise figure and two
tubes with 3.8-db. nojse figures have been
made. In all cases the noise figure improved
with increasing magnetic field strength, the
observed slope up to 1600 gauss being ap-
proximately 0.1 db/100 gauss with little or
1o improvement beyond. The noise figure

* Received by the IRE, February 17, 1958,
1

experimentally . in g demountable system’ by K. J
arker using 'a’ pin-hole Drobe in conjunction with a
2:1 enlarged version of the gun,






